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Diastolic mitral regurgitation is a common finding that can he
detected with use of Doppler echocardiographic techniques in
patients with atrioventricular (AV) conduction abnormalities.
With use of simultaneous hemodynamic and Doppler techniques,
mitral flow velocity, mitral valve motion and transmitral pressure
gradient were studied during 50 cardiac cycles each of spontane-
ous or atrial paced first. and second-degree AV block in five lightly
sedated dogs.
Diastolic mitral regurgitation was detected during atrial relax-
ation on all beats in which ventricular contraction was delayed
>190 ms . In all dogs the diastolic regurgitation was associated
with a reverse transmittal pressure gradient (3 .7 ± 1 .1 mm Hg in
first-degree AV black and 3 .2 ± 1 .5 mm Hg in second-degree AV
block) that occurred primarily as the result of a decrease in atria[
pressure with atrial relaxation . These reverse pressure gradients
were as large as the maximal forward transmitral gradients in
early diastole (2.9 w 0 .9 mm Hg in first-degree AV block and 3.1
± 0.7 mm Hg in second-degree AV black) and larger than the
maximal forward pressure gradients at atrial contraction
(1
.7 ± 0.5 and 1.4 ± 0 .6 nun Hg, respectively, p < 0 .051 . The
maximal reverse pressure gradient during atria) relaxation was
also as large as the reverse pressure gradient in mid-diastole
(2.7 ± 0.9 and 2.8 ± 1.0 mm Hg, respectively), associated with
deceleration of early diastolic mitral flow .
Late diastolic mitral regurgitation is a common finding that
can be detected by thermodilution ( 1) . videodensitometry (2)
or Doppler echocardiographic techniques (3-6) in patients
with atrioventricular (AV) conduction abnormalities . Dias-
tolic mitral regurgitation occurs when atrial contraction is
not followed by an appropriately timed ventricular systole : it
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Peak diastolic mitral regurgitation velocity coincided with the
maximal reverse transmitral gradient and was usually larger than
anterograde moral flow velocity . In second-degree AV block the
velocity and duration of diastolic regurgitation were variable, with
smaller reverse tansmitral gradients and peak flow velocities on
beats with a shorter QP interval . The mitral valve opened widely
with a forward Innsmilral pressure gradient, and demonstrated
rapid and near closure with a reverse Iransmilral pressure
gradient. The smallest valve opening coincided with the maximal
reverse pressure gradient and the peak velocity of diastolic
regurgitation. Complete valve closure occurred only with ventric-
ular systole.
These results demonstrate that a reverse Iransmitral pressure
gradient is present during diastolic mitral regurgitation in AV
black, is related to the peak velocity and duration of regurgitation
and is equal to or larger than the diastolic forward transmittal
gradient . The results also suggest a role for a reverse diastolic
transmitral gradient in causing near closure of the mitral valve
leaflets and preventing significant regurgitant volume during
diastole . However, complete closure of the mitral valve appears to
occur only during ventricular systole .
(J Am Cold Cordial 1991 ;18:843-9)
has been reported in association with first-, second- and
third-degree AV block (1-6) as well as after blocked prema-
ture atrial complexes and retrograde P waves
. In patients
with AV Mock a diastolic murmur occurs before the diastolic
regurgitation and is believed to be caused by forward AV
valve flow with atria] contraction (5 .7) . Although diastolic
mitral regurgitation is not hemodynamically significant, stud-
ies of it have provided evidence that ventricular contraction
is necessary for complete AV valve closure (2,5,8) . support-
ing an "extended veniriculogenic view" (9-11) of normal
mitral valve function .
With use of early generation transducer-lipped catheters,
a reverse transmittal pressure gradient of 3 to 4 mm Hg was
seen in three patients with AV block who had P waves
occurring in late diastole 1I)
. However, forward transmitral
u735 .10
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Figure 1 . Pulsed wave Doppler mitral flow velocity recording from
the mitral valve anulus during first- and second-degree atrioventric-
ular
(AV)
block (atria) pacing rate 75 beats/min). Left atrial (LA)
pressure and left ventricular (LV) pressures from both the apex and
the base of the ventricle are displayed . The beats of the paced P
waves)plare labeled : the first (p 1)and third lpl beatsareconducted
and the second (p_) demonstrates AV block . Forward (left aerial to
left ventricular) (fg) and reverse (left ventricle to left atrium) frg)
diastolic transmittal pressure gradients are indicated by the small
arrows,
Anterograde mitral flow in early diastole (MI) is associated with a
forward lransmiual pressure gradient (left aerial pressure > left
ventricular pressure at base > left ventricular pressure at apex) and
this flow slows and stops in association with a reverse pressure
gradient Ire) (left ventricular pressure at apex > at base > in left
atrium) ofapproximately the same magnitude . Similarly, mitral flow
due to axial contraction IM2) is associates with a positive forward
transmittal gradient. Diastolic mitral regurgitation (dMR) occurs
during atrial relaxation, when a sudden decrease in atrial pressure
results in a reverse transmittal pressure gradient that is larger in
magnitude than either of the forward diastolic pressure gradients
.
The duration of diastolic regurgitation is longest with second-degree
AV block (p,), when there is no ventricular systole or increase in
ventricular pressure to close the mitral valve . Diastolic mitral
regurgitation is also seen on the first and third beats (p, and p,),
which have a PR interval of 195 and 205 ms, respectively . During
these beats the regurgitation terminates abruptly when left ventric
ular pressure increases and shuts the mitral valve . Large arrows
indicate diastolic mitral regurgitation .
gradients were not investigated . Other studies (3,5) have also
reported reverse gradients associated with AV block and
diastolic mitral regurgitation, but have utilized fluid-filled
catheters (2) or pulmonary wedge pressure to approximate
left atrial pressure
. The purpose of this study was to use
simultaneous hemodynamic and Doppler techniques to de-
termine the relation and magnitude of transmittal pressure
gradients to flow velocity events in AV block associated with
diastolic regurgitation . A canine model was chosen for this
study because first- and second-degree AV block are com-
mon in conscious or lightly sedated dogs owing to high
parasympathetic tone at rest (12) .
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Methods
Surgical preparation. The methods of surgical prepara-
tion have been described in detail elsewhere (13). Briefly,
five mongrel dogs (17 to 24 kg) underwent a left thoracotomy
in the fifth intercostal space and an 8F Silustic catheter was
placed in the body of the left atrium by way of the left
superior pulmonary vein . The catheter was sutured in place
using a 3-0 silk purse-string suture. Pacing wires were
sutured to the right atrial appendage . The catheter was filled
with heparin and, with the pacing wires, was placed through
the chest wall and tunneled subcutaneously to an area
between the scapulae . Analgesic and antibiotic agents were
administered postoperatively as necessary and the dogs
were allowed to recover for a minimum of 7 days before
undergoing study.
Protocol instrumentation and calibration . On the day of
the experiment the dogs were given intravenous diazepam
(0.5 mg/kg body weight) and hydromorphone (0
.3 mg/kg) for
sedation. Under fluoroscopic guidance, a high fidelity 7F
micromanometer catheter (Millar Instruments) with four
pressure sensors placed 2 cm apart was placed in the apex of
the left ventricle by way of the previously implanted pulmo-
nary vein Silastic catheter. Depending on cardiac size, two
or three pressure transducers were placed in the left ventri-
cle and the remaining one or two transducers were placed in
the left atrium . Zero reference for the micromanometer
catheter was established by immersing it in body tempera-
ture saline solution for 60 min before insertion at a height
equal to 50% of the dog's transthoracic diameter. Aftrr
insertion, left atrial and left ventricular pressures were
matched in late diastole (before atria) contraction) by using
cardiac cycles with RR intervals > 1,000 ms . Each dog was
studied when lying quietly on its left side . Further sedation
was provided as necessary by administering small doses of
intravenous diazepam (0.05 mg/kg).
Protocol . If first- or second-degree AV block was not
present at the beginning of the study, the heart rate was
IACC Vol. I8, Na.3
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Table 1 . Hemodynamic and Doppler Variables in Five Dogs With Fit,( . and Secund-Degree Auiovemricular Block
All
values are wean w
SD. 'p < 0 .05
compared
will, MI
FG
. .MI RG and
S1'_ FG:
'p < II IF
compared wnh 912 FG :3p < Ii 05 compared with 111 and M'''
dMR - diastolic mitral regurgitation : dMR RG = maximal reverse transmiuul pre»ure gradient with atrial contraction : dMR V EL = peak dia,mlic mitral
regurgitation velocity : M1
-
peak mural flow velocity in early diastole: MI FG = m .teal rarwsrd heft atrium to Ief vemridel uammitral pressure gradient in
early diastole ; MI RG = maximal reverse (left ventricle to left atrium) uansmltral pressure gradient In curly diastole : M2 = peak mitral nuw cslocisy with a vial
contraction : M2 FIG = maximal faramrd (left atrium to left vemudenransmival pressure gradient at avial contraction . I' and I' AV block = dogs wish first-and
-.,d-degree
nmnventricnlar hi-k, respectively ; PR = PR interval QP =interval from the s's ns or QRS complex
Io the l' --
increased with right atrial pacing in 10-beat increments until
one or both appeared .
This protocol was approved by the Animal Research
Committee of the Tucson Veterans Affairs Medical Center
and of the University of Arizona. Specific attention was
given to the appropriateness and welfare of the animal
model, the adequacy of anesthesia and the methods of
instrumentation. This protocol is also in accordance with the
"Position of the American Heart Association on Research
Animal Use ."
Data gathering and analysis. The electrocardiogram
(ECG) and hemodynamic data were recorded together or an
eight-channel physiologic recorder (ES 2000, Gould, Inc
.) at
paper speeds of 50 and 100 mm/s . The recorder was inter-
faced with an mtrasound machine (CFM 700, Vingmed . Inc .)
so that left heart pressures could be superimposed on hard
copies of the Doppler recordings . The delay in pressure
recording with respect to flow velocity recording is <20 ms
with this interface . The recorded hemodynamic variables
(Fig. 1) included the maximal forward transmittal (left atrium
to left ventricular apex) pressure gradient in early diastole
and at atria! contraction, as well as the maximal reverse
transmitral (left ventricular apex to left atrium) pressure
gradient in early diastole associated with AV block and
diastolic mitral regurgitation . Pressure in the left ventric .e
was also measured at the base but is not reported in the
Results section because it always demonstrated intermediate
values between values in the left atrium and those at the left
ventricular apex .
Echocardiography
. With the dog lying on its left side
.
M-mode, two-dimensional and Doppler echocardiograms
were obtained from standard left and right parasternal and
apical positions with use of a dual function imaging
(3
.0 MHz) and Doppler (2.5 MHz) transducer (Vingmed)
.
Mitral flow velocity was recorded with use of pulsed wave
technique by placing a 3 mm sample volume at the level of
the mitral anulus. Recordings were made at a paper speed of
50 and 100 mm/s . The Doppler variables measured (Fig . I)
included peak mitral flow velocity in early diastole and at
atrial contraction and the maximal velocity of diastolic milral
regurgitation.
Statistics . All values reported are mean values ± 1 SD
. A
comparison of hemodynamic and Doppler variables between
first- and second-degree AV block and between forward and
reverse pressure gradients and velocities within each type of
AV block was made with use of a paired r test . Significance
was established at p < 0 .05 . Correlation between transmi .
tral pressure gradients and mitral flow velocities were per-
formed with use of the least squares method .
Results
Hemodynamic and Doppler variables obtained during AV
block from the five dogs are shown in Table l . A total of 100
cardiac cycles (50 cardiac cycles each) were analyzed for
first- and second-degree AV block . No significant differences
were found in any variable between the Iwo types of AV
block .
Hcmodynamics (Fig . I and 2). Two forward and two
reverse transmitral pressure gradients were identified (Fig .
II . ranging from approximately 1 .5 to 4 mm Hg. As ex-
pected, forward gradients
;left atrium to left ventricle) were
seen in early diastole and with atria) contraction ; the early
diastolic gradient was approximately two times larger than
the pressure gradient at atrial contraction
. Reverse pressure
gradients (left ventricle to left atrium) were seen in mid-
diastole and at the time of alrial relaxation
. The mid-diastolic
reverse gradient was associated with deceleration of early
mitral flow and was only slightly smaller than the pressure
gradient that had initiated forward flow (Fig . 1). In contrast .
the reverse pressure gradient with atrial relaxation was as
large or larger than all the ether transmittal gradients and
approximately 1 .5 to 2.3 mm Hg larger than the forward
gradient due to alrial contraction . This reverse gradient was
associated with diastolic mitral regurgitation (Fig . I and 2) .
Mitral flow velocity
. Anterograde initial flow velocity
was seen in early diastole and with atrial contraction ; in both
cases the peak velocity coincided closely with the peak
gradient (Fig . I) . At slower heart rates the flow velocity in
early diastole was greater than at atrial contraction . In
mid-diastole there was either no flow or a slight amount of
reverse flow at the time of the mid-diastolic reverse pressure
gradient . At faster atrial pacing rates (>110 beats/min),
mitral flow velocity in early diastole sometimes coincided
with mitral flow occurring as a result of atrial contraction
(Fig. 2) . Regardless of heart rate, diastolic mitral regurgita-
Hear Rate
(bears/mini
PR for QP)
lmel
MI
FIG
Item Hg)
MI RG
Imm III;)
A12 FG
Into (Id
dMR RG
Item Hgl
M1
Icm'sl
912
ttmhl
dx1R 9FL
Icmr5l
VAV block 96.7x25 .8 232x155 29x09 17_09 17 05 .7-1 .1' 6'5-98 476-1'2 883,16 l
.
2' AV block 92.1 2 21 .2 (664 x 255) 3 .1 x 0.7 2.8
x
Lo 1 A
x
06 3 ` I it 66s - 11_8 441 , 14.7 101 8 19.85
646
	
APPLETON ET AL.
DIASTOLIC MITRAL REGURGITATION
Figure 2. Pulsed wave Doppler mitral flow velocity recording from
the analus showing the relation of velocity and duration of diastolic
mitral regurgitation to the reverse transmittal pressure gradient
.
Simultaneous left alrial and left ventricular pressures from both the
apex and the base are recorded as in Figure I . First- and second-
degree atrioventricular (AV) block are again present, but in this dog
the atria] pacing rate is faster (approximately 120 beatslmin) . The P
waves are labeled : the first and fourth beats are conducted, and the
second and third demonstrate AV block .
As in Figure I diastolic regurgitation is most visible an the beats
with second-degree AV block, although it can also be seen for a
short time on the beats with borderline first-degree AV block . The
peak velocity and duration of the diastolic regurgitation are related
to the maximal reverse transmittal pressure gradient. The left atrial
pressure X
descent (small white arrows) shows that the larger
reverse pressure
gradients occur on the beats with the largest
decrease in atria) pressure during atrial relaxation. The largest
increase in atrial pressure with contraction (a, small black arrows)
also occurs on these beats
. Differences in the increase in left alrial
pressure with alrial contraction may reflect the variable timing of
contraction (see explanation in text). Other abbreviations as in
Figure I .
Lion was seen on every beat at the time of atria] relaxation if
ventricular systole was delayed (PR interval >190 ms) or
absent . The peak regurgitant velocity coincided with the
maximal reverse transmittal gradient and was usually greater
than anterograde mitral flow (Table 1) . In second-degree AV
block the velocity and duration of diastolic regurgitation
were variable, with smaller reverse transmitral gradients and
peak flow velocities on beats with a shorter QP interval (Fig .
2) . The lower reverse gradients and flow velocities appeared
to be associated with a smaller atrial pressure increase (A
wave) and decrease (X descent) at atrial contraction and
relaxation (Fig. 2) . After rapidly reaching a maximal veloc-
ity, the velocity of diastolic regurgitation decreased in a
JACC Vol . 18, No . 3
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linear or curvilinear fashion as the transmittal gradient
equalized. During first-degree AV block the regurgitation
ended abruptly with the onset of ventricular systole .
Mitral valve motion (Fig . 3). The mitral valve opened
widely during early diastole with a forward transmittal
pressure gradient and then nearly closed in mid-diastole
when the early filling resulted in a rapid rise in ventricular
pressure and a reverse pressure gradient . With atrial con-
traction the valve reopened, but it began to close again
shortly thereafter when ventricular pressure exceeded atrial
pressure . With atria) relaxation a reverse transmitral pres-
sure gradient developed; the peak gradient corresponded in
time to near closure and the smallest mitral valve opening
observed . With first- and second-degree AV block, regur-
gitant volume was transferred from the ventricle to the
atrium, the reverse transvalvular gradient diminished and
the leaflets drifted to an open mid-position that remained
fixed until the next atria[ or ventricular systole
.
Relation between transmitral pressure gradients and peak
flaw velocities. A moderate correlation of transmittal pres-
sure gradient and flow velocity in early diastole (r = 0
.58),
forward pressure gradient and flow velocity at atria) contrac-
tion (r = 0 .66) and reverse pressure gradient and diastolic
mitral regurgitation were seen (r = 0 .74).
Discussion
Diastolic mitral regurgitation in the presence of AV
conduction abnormalities is a well recognized phenomenon
that has been described by several investigators (1-6) . The
results of this study, based on simultaneous evaluation of
mitral flow velocity and transmitral pressure gradients, en-
large these previous observations, confirm the presence of a
JACC Val. 18, No. 3
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reverse transmitral pressure gradient in association with
diastolic regurgitation and suggest an important role for
reverse pressure gradients in causing near closure of the
mitral valve in diastole
.
Transmittal pressure gradients. Two forward and two
reverse pressure gradients were observed ; each was gener-
ated by a different mechanism. In early diastole left ventric-
ular pressure rapidly decreased to a value lower than that of
left atria) pressure; the decrease resulted in a forward
transmittal pressure gradient, opening of the mitral valve
and early diastolic mitral flow . With ventricular filling the
pressure at the apex increased faster than at the base or in
the atrium, creating a mid-diastolic reverse transmitral gra-
dient (Fig
. I). This resulted in rapid deceleration of early
diastolic mitral flow and near closure of the mitral valve .
Later in diastole, atrial contraction reestablished a forward
pressure gradient, reopened the valve and again resulted in
anterograde mitral flow . This flow was also slowed by a
reverse transmitral gradient . However, in this case the
primary mechanism producing the reverse gradient was not
a rapid increase in ventricular pressure, but a rapid decrease
in atrial pressure associated with atrial relaxation (Fig. I and
2) . In most instances this reverse transmittal gradient was
the largest transmittal gradient (either for" Oil or reverse)
recorded .
Diastolic mitral regurgitation. As in previous studies,
diastolic mitral regurgitation was seen after atrial contraction
(during relaxation) during beats in which ventricular systole
was absent or delayed (by a period of approximately
190 ms) . The peak velocity of regurgitation coincided closely
in time to the peak reverse transmittal pressure gradient
(Fig . I and 2) and the smallest mitral valve opening (Fig. 3) .
As recorded at the anulus, the velocity of diastolic regurgi-
tation (0 .4 to 1 .4 mls) was usually larger than mitral flow
velocity in early diastole or at atrial contraction .
In contrast to previous clinical studies (1,5), diastolic
PLMV
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Figure 3.
Mitral valve M-mode recording of both left atrial and left
ventricular pressure during atrioventricutar (AV) block showing the
relation of transmittal pressure gradient to leaflet motion . Only the
apical left ventricular pressure is shown . The first and second P
waves are not conducted, but the third is followed by ventricular
systole. The anterior (ALMV) and posterior (PLMV) leaflets of the
mitral valve are shown
. The left heart pressure catheter (catheter
and arm) can be wen between the mitral leaflets . Forward and
reverse transmittal pressure gradients are shown (small black ar-
rows).
On all beats atrial contraction results in a forward (left atrial > left
ventricular) transmittal pressure gradient and opening of both mitral
valve leaflets . With atria) relaxation, axial pressure decreases ( open
star with arrow) and a reverse transmittal gradient occurs and
causes rapid closure and near coaptation of the valve leaflets .
Figures I and 2 showed that the maximal velocity of diastolic mitral
regurgitation occurs at the same time as near coaptation, when the
reverse transmitral gradient is largest . However, shortly thereafter.
atrial pressure increases and ventricular pressure decreases and the
mitral valve leaflets open again as the transmittal pressure gradient
decreases and finally equalizes (closed hlaek star and arrow) . Other
abbreviations as in Figure I .
regurgitation was seen during all second-degree AV block
beats, even when these beats occurred relatively early in
diastole (during QP intervals as short as 220 ms)
. However,
the maximal reverse transmittal gradient was smaller and the
velocity of regurgitation was lower during beats with a short
QP interval (Fig. 2)
. The smaller gradient was caused by
smaller increases and decreases in left atria] pressure when
atrial contraction occurred relatively early in diastole (during
a short QP interval)
. A biphasic response in left atrial
pressure increase during changes in QP interval (increasing
heart rate) has been reported recently
(14); the smallest
increase in pressure occurred when atrial contraction
coincided with the normal nadir of left atrial pressure
.
Presumably the increase in pressure is small at this time
because left atria[ volume is near its minimum . It seems
848
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possible that if the increase and decrease in atrial pressure
are very small, little or no regurgitation may occur . Alterna-
tively, the thermodilution techniques previously used to
detect diastolic mitral regurgitation (I) may be less sensitive
than the Doppler technique for detecting smaller amounts of
regurgitation
.
Pathophysiology of mitral valve closure . The results of
this study strongly support a "ventriculogenic" theory of
effective mitral valve closure (2.5,8) .
Although the reverse
transmittal gradients associated with rapid left ventricular
filling and atrial relaxation cause near closure of the mitral
valve leaflets on the M-mode echocardiogram (5) (Fig. 2),
complete valve closure appears to occur only during the high
pressures of ventricular contraction .
Because transmittal gradients in AV block have not been
studied in detail, the role of reverse gradients in causing near
mitral valve closure has not been emphasized . Because the
reverse transmittal pressure gradients were nearly equal to
or larger than the forward gradients, near closure of the
valve after early ventricular filling and atrial contraction
appears to be important to prevent severe diastolic regurgi-
tation . Whether this near closure of the valve is facilitated by
the anatomy of the mitral valve apparatus, "eddy currents"
behind the leaflets (15,16) or some other mechanism acting in
concert with the reverse gradient could not be determined in
this study. Nevertheless, future work on the mechanism of
mitral valve closure will have to consider these normal
reverse pressure gradients .
Comparison with previous studies . The forward transmi-
tral gradients and reverse mid-diastolic transmitral gradient
in this study are similar to those reported in other recent
experimental studies (14,17) that used multiple catheters or
catheter positions to study transmittal gradients . With early
generation transducer-tipped catheters, a reverse gradient of
3 to 4 mm Hg was reported in three patients with AV block
who had P waves occurring in late diastole
(I). However, a
much longer duration of the reverse gradient (up to 700 ms)
was seen than in this study
. Diastolic regurgitation of higher
velocity (up to 2 m/s) and longer duration has also been
observed in some patients with AV block (4). Although the
reason for the differences in experimental and clinical stud-
ies is speculative, a higher velocity and longer duration of
diastolic regurgitation might be expected in patients who
have cardiac disease and an abnormally large increase in
atrial pressure with atrial contraction .
As seen in this study, the peak velocity of diastolic
regurgitation in patients with AV conduction abnormalities
is frequently larger than anterograde mitral flow velocity
when recorded at the anulus (3-5).
It is likely that the
relatively large reverse transmitral gradient and smaller
valvular area at the time of regurgitation contribute to this
finding. Although not directly studied, near closure of the
valve with ventricular filling appears to help limit the volume
of regurgitation to a hemodynamically insignificant amount .
The pulsed wave Doppler findings also suggest that a small
volume is regurgitated because it is difficult to record except
tACC Vot . It. No. 3
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at the anulus or in the area of the left atrium close to the
mitral valve (3-5) .
Diastolic mitral regurgitation has also been described in
patients with aortic regurgitation (18-21), atrial fibrillation
(20,21) . hypertrophic cardiomyopathy (22) and restrictive
cardiomyopathy
(23) . In many of these studies a reverse
transmittal gradient was reported with use of fluid-filled
catheters or pulmonary wedge pressure as an approximation
of left atria) pressure . These conditions differ from AV block
in that diastolic regurgitation occurs as a result of cardiac
dysfunction, and is not simply due to an electrical delay or
dissociation between atrial and ventricular contraction . In
these conditions the reverse transmittal gradient associated
with regurgitation does not appear to be due to a rapid
decline in atrial pressure with relaxation, but instead to a
rapid increase in ventricular pressure associated with de-
creased left ventricular compliance or continued ventricular
filling . In all cases the volume of regurgitation appears to be
minimal, which suggests either that the reverse gradient is
small or that the valve is nearly closed at the time of
regurgitation.
Limitations. The main limitations of the study are that it
studied only healthy dogs with normal cardiac filling pres-
sures and that it studied only diastolic regurgitation associ-
ated with AV block. Further investigation is required to
determine the effect of species differences, alterations in
loading conditions and cardiac disease on the findings .
We Ihank rngela Schniuger, MD, Kathy Reed, MD and Steven Goldman . MD
for their review of the manuscript.
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